The genetic structure of the samples of Mustelus manazo between central Japan and Taiwan was investigated by starch gel electrophoresis. From a total of 20 enzyme loci scored, only two of them (CK-A and sSOD-1) showed polymorphism with sufficient allelic variation that would be useful for analysis of population structure. The Taiwanese samples have unique allele of CK-A 52 and sSOD-1 40 that are absent in the Japanese samples. Mean heterozygosity values were 0.027 and 0.055 for two Taiwanese samples and 0.008 and 0.013 for two Japanese samples. The chisquare analysis shows significant differences (P < 0.001) between the pooled central Japanese samples and Taiwanese samples indicating that they are two separate populations with moderate divergence (F ST = 0.063). A possible explanation of population divergence between the two countries is also discussed.
INTRODUCTION
Two species of Mustelus, M. manazo and M. griseus occur in the western Pacific but the former is more abundant than the latter off Taiwan. 1 Mustelus manazo, commonly known as starspotted dogfish, is a small (up to 99 cm total length) demersal shark found in the continental shelf of 80-100 m depth over a muddy or sandy bottom. 2 The scattered white spots typical of M. manazo have been recognized as a diagnostic color pattern, however, some individuals with vague spots can be difficult to distinguish from the most closely related M. griseus. 2 Nevertheless, some other morphological characters when considered in conjunction with color pattern enable these two species to be easily distinguished. Some aspects of the biology of M. manazo including age and growth, and reproduction, have been studied for the populations in Japan and in Taiwan. 2, 3 Individuals have a life span of 8 years for males and 10 years for females. 3 Their reproduction mode is aplacental viviparity (or ovoviviparity) attaining to first maturity at age 3 years in both sexes, with a litter size of 2-13 embryos. 4 In Taiwan, M. manazo is a by-catch of commercial bottom trawling and longlining fisheries, with the main fishing ground in north-eastern Taiwan. The commercial catches have been very high in recent decades, however, catches have declined drastically probably due to overfishing together with slow growth rate and the low recruitment rate of this species. In order to conserve its stocks, a study of population genetics to infer population structure and geographic distribution is essential.
The main purpose of this paper is to detect allelic polymorphism by electrophoresis, to describe overall levels of genetic variation in M. manazo, and to provide preliminary indication of the geographic distributions of such markers.
MATERIALS AND METHODS
Ninety-two M. manazo were caught with longliners and trawlers during July and September 1995, from the north-eastern part of Taiwan, including Ginsan and Tahsi. Seventy additional specimens were collected during August and November 1995 from Tokyo Bay (n = 41) and Choshi (n = 29) for a n = 37, nine missing data are found at PGDH-2 from Tahsi sample.
Alleles at each locus scored from the Tahsi sample were designated as 100 for the most common one, and other alleles were defined numerically by the approximate relative mobility with respect to the one designated as 100. Modified Roger's genetic distance, 10 chi-square test with Hardy-Weinberg equilibrium expectation, and F-statistics 11 were calculated using -1. 12 The neutrality test for the samples collected from Ginsan and Tahsi was made using Ewens-Watterson test by  software. 13 The Ewens-Watterson test was based on a distribution of F by simulation with n genes where k alleles were observed. Nm, corresponds to the absolute number of migrants into each subpopulation in each generation. 10 Wright 10 showed the equation for neutral alleles in an island model.
(2)
F ST is defined as the correlation between random gametes, drawn from the same subpopulation, relative to the total. The F ST measures the amount of differentiation among subpopulations relative to the limiting amount under complete fixation. 10 Nm corresponds to the absolute number of migrants into each subpopulation each generation, where N is the size of each subpopulation, and m is the probability that an individual in a subpopulation is a migrant. 10 The voucher specimen catalogued ASIZ no. 55021 has been deposited in the Museum of the Institute of Zoology, Academia Sinica, Taipei, Taiwan.
RESULTS
The allele frequencies of 20 loci encoding a total of 11 enzymes are listed in Table 1 . Among the nine polyallelic loci (mAAT-1*, sAAT-1*, CK-A*, GPI-A*, GPI-B*, LDH-B*, MDHP-2*, PGDH-2*, sSOD-1*), genetic variation between localities was very small and differences were not fixed. Nevertheless, slight differences in allelic frequencies between Taiwanese and Japanese samples were evident at CK-A and sSOD-1 (Fig. 1) ; the former locus showed only the 100 allele in samples from Japan, whereas the Taiwanese samples had alleles scored 100 and 52. sSOD-1 showed only the 100 allele in the Japanese samples, whereas alleles scored 100 and 40 were present in Taiwanese samples.
The distance Wagner tree (Fig. 2) derived from the overall genetic distance data subdivided the sharks into two groups: one consisting of the two Japanese samples from the central region and the other consisting of the two Taiwanese samples. Genetic variation in terms of the proportion of polyallelic loci at the 95% level (P 95 ), mean observed heterozygosity (Ho), and average number of alleles per locus (Na) was higher in the Taiwanese samples than in the Japanese samples (Table 1) . Table 2 presents the inbreeding coefficient (f) 15 and some F-statistics for the two shark populations. Most gene loci from different samples were not significant when tested with Hardy-Weinberg equilibrium except the CK-A (P < 0.001) and sSOD-1 (P < 0.001) loci in the Ginsan sample. The positive F-value of 0.495 appearing at the CK-A (P < 0.001) and sSOD-1 (P < 0.001) loci in the Ginsan sample indicates that each locus had a deficiency in heterozygotes showing a deviation from Hardy-Weinberg equilibrium. The results of Ewens-Watterson F IT and F IS , the fixation indices relative to the total population and its subpopulations, respectively. Nm, corresponds to the absolute number of migrants into each subpopulation in each generation. 10 To clarify the genetic difference between the Taiwanese and central Japanese samples, the above data were further treated as listed in Table 3 . Samples between Tahsi (TS) and Ginsan (GS) (analysis 2) possessed a rather low F ST (0.006), 10 which the contigency table analysis revealed a Pvalue (0.49984) higher than 0.05, suggesting the above two Taiwanese samples belong to the same population. Similarly, samples between Tokyo Bay (TK) and Choshi (CS) (analysis 3) possessed a F ST of 0.00510 indicating a negligible population divergence, while the contingency table analysis revealed a P-value (0.42834) higher than 0.05, further suggesting the two Japanese samples belong to the same population. Thus, the Tahsi and test indicated that the samples from Ginsan and Tahsi fell in with neutrality. The overall mean F ST (0.069, P < 0.001) and the individual values at the CK-A (0.108, P < 0.001) and sSOD-1 loci (0.108, P < 0.001) suggest that samples from different localities are divergent.
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a shorter life span than those of the Japanese samples. The specimens of Japan that tend to grow larger and have a longer life span in the eastern and northern areas may not arise from different thermal regimes in which they live. 20 This implication stems from the results of Yamaguchi et al. 3, 4 who suggest that sharks show faster growth and smaller size at sexual maturity in warmer waters. Morphometric characters between Taiwanese and Japanese samples differ very little. 21 However, a lower precaudal vertebral count (mean 85.6) in the Taiwanese samples than those in the Japanese samples (mean 89.5), and the different parasitic fauna on the host fish predominately Chloromyxum sp. in Taiwan vs Perissopus oblongus and Sphyriidae in Tokyo samples suggest that both belong to different stocks. 21 Although the small population size sampled may risk an underestimation of genetic diversity, the F ST of 0.063 between Taiwan and Japan populations indicate a clear divergence pattern. This may be further supported from the F ST (0.061-0.066) values available that show a moderate population divergence, based on the criterion proposed by Wright. 10 The estimated gene flow number from the phylogeny (Nm, calculated assuming an island model of population structure) suggests that genetic drift is not likely to be a significant force in promoting genetic differentiation. The apparent discrepancy between the genetic structure of Taiwan and Japan populations may be indicated by the variance in allele frequencies among CK-A and sSOD-1. This can also be proved from the hierarchical analysis of loci CK-A (P < 0.001) and sSOD-1 (P < 0.001) which further confirms the divergence between the two populations. Maximum ages of Tokyo Bay samples are greater than those of Taiwanese samples (males, 8 vs 5 years; females 10 vs 9 years). 20 Based on a similar argument revealed from comparative geographic pattern, natural selection has been implicated for various molecular polymorphisms in other species. 22 When coupled with evidence for diversifying selection or other forms of selection acting on CK-A and sSOD-1 systems, it becomes clear that the interpretations of geographic population structure under the assumption of neutrality are not applicable. The deviations from the Hardy-Weinberg test at loci CK-A and sSOD-1 of the Ginsan sample are contradictory to the result of selective neutrality with the Ewens-Watterson test (being insignificant with P > 0.05). The Wahlunds effect due to sampling error, resulting in a significant reduction of heterozygotes at loci CK-A and sSOD-1, is one of the explanations to be considered. Once the population size is expanded, the subsequent decrease of homozygotes would have reached equilibrium. NevertheGinsan samples were combined as a single Taiwanese population, and the Tokyo Bay and Choshi samples were combined as a single central Japanese population. Mean observed heterozygosity of the pooled Taiwanese samples was much higher than that of the Japanese samples (0.041 vs 0.010). Table 3 also shows that there are significant differences (P < 0.001) between the pooled Taiwanese samples and the pooled Japanese samples (analysis 8), indicating that samples from the two countries are separate populations with moderate divergence (F ST = 0.063) according to Wright.
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DISCUSSION
The relatively low level of heterozygosity of 0.008-0.055 (the latter extreme in the Tahsi sample) appearing in the populations of M. manazo is close to the range (i.e. 0.0011-0.037) reported for sharks in general. 16 The lower heterozygosity in Chondrichthyes has been attributed to their ubiquity and lack of specialization. 17 Although average heterozygosity (H) in the Taiwanese sample (0.041) is higher than that of central Japanese samples (0.010), it does not exceed the average heterozygosity (i.e. 0.055) estimated from 106 species of marine teleosts. 17 Thus, the Taiwanese sample has higher genetic variation than does the Japanese sample. Lewontin and Krakauer 18 pointed out that one expected signature of natural selection on genetic markers is the appearance of significant heterogeneity across loci in the variance of allele frequencies among a geographic population. Because genetic drift, gene flow, and breeding structure of a species should affect all loci in a similar fashion, different population genetic structures across loci might indicate allele frequencies at geographically variable loci are under diversifying selection (despite high gene flow as evidenced by geographically uniform genes). The overall Nm (3.375) obtained from nine polymorphic loci (F ST = 0.069) is far greater than that from CK-A and sSOD-1 in Taiwan population (Nm = 2.064). From a biological viewpoint (e.g. growth ), Yamaguchi et al. 3 comments that there is a population difference between Tokyo Bay and East China Sea but also among some Japanese local populations. Nevertheless, at least two of them (e.g. Choshi and Tokyo Bay samples) appear to have no difference based on allozyme data.
The timing for ovulation, mating and fertilization in Japanese sharks occurs in the same period (May-August) as those in Taiwan. 19 However, reproductive parameters including maximal body size and size at maturity for the Taiwanese samples are relatively smaller and with earlier maturity and less, the results do not support neutrality and may be caused by the low power of this test. There may be weak selection acting on these loci or alleles and the effect is not strong enough to reject the null hypothesis of neutrality.
As mentioned earlier, there may be several populations of M. manazo in Japan, and each can be considered as a separate stock. For a singlespecies fishery in which the species behaves as a unit stock throughout its range, a management program which treats the fishery as a single unit is adequate. This allows the entire fishery to respond to perturbations as a unit. However, for a more complicated fishery that is composed of two or more component stocks, a management plan for the overall fishery must be concerned with the biological heterogeneity. Since each stock behaves as an independent unit, it must be managed and protected properly in order to ensure its continued viability as a successful fishery. A future detailed study of starspotted dogfish populations should focus on: increasing sampling sites to provide additional information on clinal variation of geographic divergence; clarifying the exact number of stocks found in the Taiwan-Japan region; and the geographic boundaries of individual stocks.
